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Abstract Background Chronic otitis media(COM) is a significant clinical problem. Understanding the
mechanisms of COM is critical for its control and treatment. However, little is known of the processes
leading to COM as a result of lack of animal models of N-ethyl-N-nitrosourea (ENU) induced muta⁃
tions in otitis media with effusion (OME). Methods Otoscopy and auditory brain response(ABR) evalua⁃
tion were carried out under sedation in Nmf391nmf/nmf mice of 2, 4, 6 and 8 months of age. The mice were
killed for study of middle and inner ear pathology. Results Tympanic membrane visualization and ABR
thresholds in 1- to 8-month-old Nmf391nmf/nmf mice showed spontaneous OME and inner ear diseases
in approximately 100% of the animals. The significant elevation of ABR thresholds suggested a sensori⁃
neural component in hearing loss in addition to the conductive loss. Middle and inner ear histology
showed various degrees of outer hair cells loss and middle ear inflammation in all the mice, but no in⁃
flammation cells in the inner ear. The ABR threshold at 32 kHz was significantly elevated. Conclusions
This study shows histopathologic changes in the Nmf391nmf/nmf mouse model of COM with effusion that
have not been reported in human COM. This ENU induced mutation model of COM will be valuable for
the characterization of middle ear inflammation and inner ear disease processes that are induced by mid⁃
dle ear infections. We propose that COM with effusion in this ENU induced mutation model is the
cause of the cochlea hair cells damage.
Key Words Otitis media, mouse model, genetic animal models, inflammation, auditory brainstem re⁃
sponse.
Introduction
Otitis media(OM), or inflammation of the mid⁃
dle ear, is the most common cause of hearing im⁃
pairment in children [1,2]. In addition, it remains the
commonest cause of surgery in children in the de⁃
veloped world. However, prolonged stimulation
by the inflammatory response together with poor
mucociliary response can lead to persistent mid⁃
dle ear effusion, and in many children, recurrent
or chronic suppurative forms of the disease may
develop. OM is epidemic in the US. Teele et al［1］
reported that by the age of 3 years, 80% of chil⁃
dren in the Boston area had at least one episode
of OM and 40% had at least three episodes.
Stool and Field [2] estimated that, in 1987, more
than $3.5 billion was spent in the treatment of
OM. OM also can have serious complications.
Conductive hearing loss is one of the most seri⁃
ous complications of otitis media with effu⁃
sion(OME). This dreaded complication has been
shown to negatively affect growth and deve⁃
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lo-pment [3]. The inflammation in OME is mediat⁃
ed by the innate immune system and initiated by
host immune cell surface receptors that recog⁃
nize and respond to the bacterial products. The re⁃
peated infections and subsequent bacteriolysis
seen with repeated antibiotic use creates an in⁃
flammatory milieu in the middle ear that contrib⁃
utes to inner ear pathology. The mechanisms for
damage to the inner ear in the setting of contin⁃
ued inflammatory middle ear disease are un⁃
known. Common thought is that inflammatory
mediators or cytokines diffuse into the inner ear
across the round window membrane to damage
cells of the inner ear. This results in significant
sensorineural hearing loss, particularly in the high
frequencies, in many patients with persistent
OM. Temporal bones with significant chronic oti⁃
tis media(COM) show basal turn loss of hair cells
as well as hydrops and reduction in the stria vas⁃
cularis and spiral ligament [4-7]. Inflammatory cells
often are seen in the inner ear perilymphatic spac⁃
es[4, 6, 8]. The significant impact of middle ear dis⁃
ease on the inner ear has been the subject of nu⁃
merous investigations. However, we still have
very little understanding of the induced OM in mu⁃
tant mouse strains. A primary motivation for us⁃
ing the mouse as a model for OM is the exis⁃
tence of strains with natural or induced muta⁃
tions. These genetic resources potentially allow
us to study the role of different genes in OM,
through null mutation, overexpression, or mis-ex⁃
pression of the genes in question. Consequently,
we, as well as others, have begun to exploit
these resources in order to probe the role of
genes of interest. The susceptibility of many of
the standard laboratory mouse strains to sponta⁃
neous OM has been determined [9]. Mutations
that lead to an increase in susceptibility to sponta⁃
neous OM have been identified [6, 10, 11, 12]. Such
studies have provided a baseline against which to
evaluate OM in mice carrying mutations in genes
that may potentially contribute to host responses.
Here, we report a model of COM in mice with
N-ethyl-N-nitrosourea(ENU) induced mutations
which is valuable for the characterization of mid⁃
dle and inner ear inflammatory disease processes
induced by middle ear infections.
Materials and methods
Mice and animal care
The Neuroscience Mutagenesis Facility of the
Jackson Laboratory was established to produce
new neurological mouse models that could serve
as experimental models for the exploration of ba⁃
sic neurobiological mechanisms and diseases.
The impetus for the program resulted from the
recognition that (a) the value of genomic data
would remain limited unless more information
about the functionality of its individual compo⁃
nents became available, and (b) the task of linking
genes to specific behavior would best be accom⁃
plished by employing a combination of different
approaches. In an effort to complement already
existing programs, the Neuroscience Mutagene⁃
sis Facility decided to use: a random, ge⁃
nome-wide approach to mutagenesis, i.e. ENU
as the mutagen; a three-generation back-cross
breeding scheme to focus on the detection of re⁃
cessive mutations; and behavioral screens selec⁃
tive for the detection of phenotypes deemed use⁃
ful for the program goals.
Nmf 391nmf/nmf mice were obtained from Jackson
Laboratories at 1, 2, 4, 6 and 8 months of age and
examined by otoscopy, auditory brainstem re⁃
sponse(ABR) and tympanometry. Most mice
were killed for light microscopic evaluation of mid⁃
dle and inner ear pathology.
All mice used in this study were produced with⁃
in the production or research facilities of Jackson
Laboratories. Prior to electrode placement, ani⁃
mals were anesthetized by intraperitoneal injec⁃
tion with Avertin (tribromoethanol stabilized in ter⁃
tiary amyl hydrate) given at a dose of 5 mg tribro⁃
moethanol/10 g body weight. Body temperature
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was maintained at 37-38℃ by placing anesthe⁃
tized mice on an isothermal pad (Deltaphase,
model 39 dp, Braintree Scientiac Inc., Massachu⁃
setts). The care and use of the animals described
in this study were approved by the Animal Care
and Use Committee of Jackson Laborato⁃
ries(Grant 3 N01 DC62108). Jackson Laboratories
is fully accredited by the Accreditation of Labora⁃
tory Animal Care.
Recording chamber, sound system, and acoustic stimu⁃
li
ABR testing was conducted in a sound-attenu⁃
ating chamber(inner dimensions: 50 × 60 × 85 cm,
Acoustic Systems, Austin, TX). The stimulus pre⁃
sentation, ABR acquisition, equipment control
and data management were coordinated using
the computerized Intelligent Hearing Systems
(IHS, Miami, FL) with the Smart-EP 10 version
software (Zheng et al. 1999). A pair of high fre⁃
quency transducers (Mike Ravicz, Somerville,
MA) was coupled with the IHS system to gener⁃
ate acoustic stimuli. The output from the high fre⁃
quency transducers was channeled through plas⁃
tic tubes (3 mm in diameter, 10 mm long) into the
animal's ear canals. Acoustic stimuli were calibrat⁃
ed by the IHS Corp, with a Bruel and Kjaer Nexus
conditioning amplifier, Type 2690, and 1/4 inch
calibrated condenser microphone, Type 4136,
connected to a microphone preamplifier, Type
2670. A Bruel and Kjaer 2 cc coupler, Type
DB0138, was used to standardize acoustic condi⁃
tions between the transducer output tubes and
the microphone and to approximate the actual
stimulus delivered to the mouse ear. Calibrations
were made with reference to the programmed
output for 70 dB sound pressure levels (SPL).
These calibrations were made using an external
filter with the measuring amplifier, with 20
Hz-100 kHz settings. Clicks, and 8, 16, and 32
kHz tone bursts were presented to mice. Wave⁃
forms of click and tone bursts were digitally creat⁃
ed. A half cosine square window was used to cre⁃
ate tone burst signals with a 3 ms duration(1.5
ms rise-fall with no plateau). Click stimuli were
calibrated with the impulse function and tone
bursts with RMS fast function of the measuring
amplifier. The click had substantial energy in the
2- 8 kHz range (e.g., filtering frequencies above
and below this decreased the SPL by less than 5
dB). Samples of Nmf 391 nmf/nmf mice were tested
periodically as references for normal hearing, and
for monitoring the reliability of the equipment and
testing procedures.
Otoscopy
At 2, 4, 6 and 8 months, animals being sedated
for ABR were examined with the Zeiss operating
microscope. Video-otoscopy MedRx-1(Largo,
FL) was used to record and document the mor⁃
phology of the external auditory canal and the
tympanic membrane. Tympanic membranes
were examined for color changes, presence or ab⁃
sence of middle ear fluid, inflammation and infec⁃
tion.
Tympanometry
The MT10 typanometer was used for tympano⁃
gram recording with the 226 Hz probe tone at 85
dB SPL +/-3dB on anesthetized mice in a quiet
room. After a probe with a 3 mm tip is inserted
hermetically into the mouse ear canal, a tympano⁃
gram was generated by sweeping the ear canal
pressure from 200 to -300 decapascals (daPa) at
a rate of 300 daPa/Sec. Compliance ranged from
0 to 5 ml(2.5 ml displayed) with an accuracy of
+/- 5% or 0.1 ml. Tympanometric parameters re⁃
corded with a positive-to-negative pump speed
of 50 daPa /sec included (1) acoustic admittance
magnitude measured in acoustic millimhos(mm⁃
ho) over an ear canal pressure range of + 200
to -400 daPa; (2) static admittance, obtained by
subtracting the admittance at + 200 daPa from
the peak value; (3) tympanometric peak pressure
(P), based on the point of maximum peak admit⁃
tance; and (4) tympanometric width (TW), mea⁃
sured in daPa calculated automatically according
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to the pressure interval corresponding to a 50%
reduction in static admittance. Tympanograms
were classified according to compliance (C,
height, measured in ml), pressure at compliance
maxmum (P, measured in dapa), and rate of com⁃
pliance change (G, gradient in %). Tympanogram
types were named following protocols by Liden
and Jerger (1970).
Middle Ear Histopathology
The animals were euthanized by an overdose
of anesthetic(ketamine and xylazine). Fixative
was intracardially perfused(2.5% glutaraldehyde,
3% paraformaldehyde in 0.1 mol/L phosphate buf⁃
fer and 10% formaldehyde), and the dissected
skulls immersed in fixative overnight. The middle
and inner ears were left intact and connected to
each other by the skull base and both ears were
processed together for histology and sectioning.
Tissues were decalcified in EDTA, embedded in
paraffin, sectioned in the horizontal plane and per⁃
pendicular plane at 5 μm, serially mounted on
glass slides, stained, and cover slipped. Slides
were examined with the Leica DFC 500 micro⁃
scope. Inflammation was qualitatively evaluated
for presence of middle ear fluid, middle ear inflam⁃
matory cell infiltration, and changes in the muco⁃
sa of the tympanic cavity and round window
membrane.
Preparation for histology studies
The middle ear and cochlea were prepared for
light microscopic morphology and pathology stud⁃
ies. We removed the right cochlea and vestibular
system, opened round window and oval window,
and made a hole in the apex and basal turn. We
perfused the cochlea with 1.0% silver nitrate solu⁃
tion three times using a haustorial tube, fixed
specimens in 10% formalin for 2 h, and exposed
slides to sunlight for approximately 1 h to en⁃
hance silver stainning. We dissected out the sen⁃
sory epithelium under a Leica S6D, which was
then mounted on glass slides as a surface prepa⁃
ration. Then left temporal bone was removed fol⁃
lowing intracardial perfusion with 3.0% glutaralde⁃
hyde and 4.0% paraformaldehyde in 0.1 M phos⁃
phate buffer, and immersed in the same fixative
overnight. The temporal bone and bulla were kept
intact during dissection(so bilateral middle and in⁃
ner ears remained connected) and processed to⁃
gether for histology study on the following day.
This allowed bilateral simultaneous embedding,
sectioning, and staining to reduce distortion by
processing variables on the subsequent analyses.
Tissues were microwave decalcified in 10%
EDTA, embedded and sectioned in the horizontal
plane at 5 μm, serially mounted on glass slides,
and stained with Harris’hematoxylin and Epoin.
All qualitative and quantitative microscopic as⁃
sessments were done under a Zeiss Standard mi⁃
croscope.
Toluidine blue staining for mast cells
Specimens were deparaffinized and hydrated
using distilled water. Sections were stained in to⁃
luidine blue working solution for 2-5 minutes,
washed in distilled water 3 times, dehydrated
quickly through 95% alcohol and 2 changes of
100% alcohol, and cleaned in xylene.
Quantitative assessment
Inflammatory changes in the middle ear were
quantified to determine their duration. Seven in⁃
flammation parameters were analyzed: (a) muco⁃
sal thickness over the promontory; (b) mucosal
thickness over the stapedial artery; (c) total tym⁃
panic membrane (TM) thickness; (d) TM mucosal
layer thickness, (e) area occupied by fluid in the
middle ear; (f) number of inflammatory cells in
middle ear fluid; and (g) thickness of round win⁃
dow membrane. For consistency of measure⁃
ment locations within the middle ear, the promon⁃
tory over the basal cochlear turn was identified
and measures were taken on three sequential
sections(treatments were blinded to the examin⁃
er). Sections were viewed under a Leica DFC 500
Standard microscope with the 10x objective lens.
The fluid area was measured with a calibrated mi⁃
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Figure 2 Tympanograms in Nmf 391nmf/nmf mice
Figure 1 Video-otoscopy images showing morphology of the external auditory canal and tympanic membrane in
2-4 month old Nmf 391nmf/nmf mice and control mice. A - Control; B - Nmf 391nmf/nmf at 2 months; C - fluid in middle
ear in Nmf 391nmf/nmf at 2 and 4 months.
crometer grid in the eyepiece and the cells within
the fluid area were counted. The thickness of mu⁃
cosa and membranes was measured with a mi⁃
crometer scale within the opposite eyepiece. The
three individual measures for each middle ear pa⁃
rameter were averaged to derive one mean value
for each parameter for each ear.
Results
Otoscopy
Frequently observed inflammatory changes in
Nmf 391nmf/nmf mice included muddy color in the
tympanic membrane or color changes to gray or
pink, loss or disperssion of light reflex, and pres⁃
ence of middle ear fluid level. In contrast, these
changes were not present in C57BL/6J mice as
controls (See Figure 1), who showed normal tym⁃
panic membranes in pale color and concave
shape with translucency and brisk mobility on
otoscopy.
Tympanograms can be classified according to
compliance(Fig2), pressure at compliance maxi⁃
mum (Fig3), rate of compliance change, and tym⁃
panometric peak pressure(P, based on the point
of maximum peak admittance).
In 2 months old Nmf 391nmf/nmf mice, 28.5%
showed type B curve, 35.7% showed type C
curve, and only 7.3% showed type A curve. In 4
month old Nmf 391nmf/nmf mice, tympanogram was
type Ad in 28.5%, type B or C in 21.5%, and type
As in 28.5% of the animals. The results were sim⁃
ilar in 8 months old mice. Tympanometry in
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Figure 6 Normal meddle ear in a C57BL/6J mouse (A).
EAM-External Auditory Meatus; TM-Tympanic Mem⁃
brane; M-Manubrium; RW-Round Window; C-choles⁃
teatoma; PT-pars tensa; PF-pars flaccida; MEC-Mid⁃
dle ear cavity; MEO-Middle ear ossicles
Figure 5 ABR response patterns in C57BL/6J and Nmf
391nmf/nmf mice between 2 and 8 months. ABR thresh⁃
olds in C57BL/6J and Nmf 391nmf/nmf mice between 2 and
8 months.
Figure 3 Tympanometric peak pressure (dapa) in
test mice
Figure 4 Tympanometric peak compliance (ml) in test mice
C57BL/6J mice was type A in 100% of the ani⁃
mals, indicating normal middle ear (Figure 2).
The type A tympanogram has a sharp compli⁃
ance peak between ±100 daPa and suggests an
aerated tympanum. Type B curves may be com⁃
pletely flat or have a very rounded compliance
peak, which is often below -300 daPa. The type
C tympanogram usually has a sharp peak be⁃
tween -100 and -200 daPa. Such tracings reflect
only negative middle ear pressure. When the
pressure is below -200 daPa, the likelihood of
middle ear effusion increases (Figure 3, 4).
ABR thresholds
We found that ABR thresholds at high frequen⁃
cies were most affected by middle ear fluid in
Nmf 391nmf/nmf mice. ABR thresholds at 32 kHz
were significantly elevated from baseline at 2 and
4 months, while thresholds at 16 kHz remained
normal. ABR thresholds in response to clicks and
8, 16 and 32 kHz tone bursts were significantly el⁃
evated from baseline in 8 month old Nmf 391 nmf/nmf
mice (Fig. 5a,b).
Middle Ear Histopathology
Meddle ears in C57BL/6J mice appeared nor⁃
mal (Figure 6 A). Middle ear in Nmf 391nmf/nmf mice
at 2 months showed effusion.
Discussion
Chronic otitis media is a significant clinical prob⁃
lem. Understanding the mechanisms of chronic
otitis media is critical for its control and treat⁃
ment. However, little is known of these process⁃
es as a result of lack of animal models of otitis
·· 81
Journal of Otology 2010 Vol. 5 No. 2
media with effusion. The Neuroscience Mutagen⁃
esis Facility of the Jackson Laboratory was estab⁃
lished to produce new neurological mouse mod⁃
els that could serve as experimental models for
the exploration of basic neurobiological mecha⁃
nisms and diseases. As a result, although these
mouse models are not entirely suitable for study⁃
ing mechanisms of chronic otitis media with effu⁃
sion, the chronically inflamed middle ear in this an⁃
imal model provides us with an opportunity to
study chronic otitis media with effusion in animal
with ENU induced mutations. In this study, we re⁃
corded tympanometry and ABR thresholds and
studied middle and inner ear histopathological
changes in Nmf 391nmf/nmf mice with ENU induced
mutations. We found that the Nmf 391nmf/nmf mouse
is a good animal model of otitis media with effu⁃
sion (OME). It has a number of advantages for
studying OME. First, the incidence of chronic
OME in this model is high, reaching almost
100%; Second, it demonstrates all histopathologi⁃
cal changes in otitis media with effusion; Third, it
allows studying inner ear histopathological chang⁃
es in OME that can cause high frequency hearing
loss.
The TLR4 gene defect in the C3H/HeJ mouse
correlates to a human subpopulation that also car⁃
ries a TLR4 defect. Thus, the TLR4 defect in the
C3H/HeJ mouse provides with a model to study
spontaneous chronic middle and inner ear diseas⁃
es. Tympanic membrane visualization and ABR
thresholds in 7- to 8-month-old C3H/HeJ mice
showed that approximately half of the animals de⁃
veloped middle and inner ear disease spontane⁃
ously[12]. In comparison, incidence of chronic otitis
media reached 100% in our Nmf 391nmf/nmf mice
with ENU induced mutations.
A variety of animal models have been used in
the study of ototopical and transtympanic pharma⁃
cotherapy. Both the chinchilla and the guinea pig
have been found to be excellent models due to
their favorable anatomy. The rat has been identi⁃
fied as an alternate model to guinea pigs and chin⁃
chillas for many reasons. Rats demonstrate great⁃
er resistance to middle ear infections, increased
longevity, lessened sensitivity to common anes⁃
thetic agents, and increased cost-effectiveness
compared with chinchillas and guinea pigs. Mid⁃
dle ear can be challenged with live Nontypable
Haemophilus influenzae(NTHi) for induction of ex⁃
perimental otitis media.
Postnatal OM generally has resolved in
wild-type mice by weaning (0% incidence at 21
day after birth, DAB) and OM is exceptional in
adults mice (3% incidence). In contrast, OM is
present in 100% of Jbo/t mice at weaning and
94% of adult Jbo/t mice 29 to 180 DAB[13]. Typical
acute inflammatory changes in the middle ear cav⁃
ity mucoperiosteum include edematous polyps,
which may represent un-resorbed embryonic
connective tissue[14], and/ or bulging sub-epitheli⁃
al bullae filled with serous fluid, stromal edema,
widely patent capillaries and lymphatics with vari⁃
able numbers of infiltrating neutrophil leuko⁃
cytes.
There is evidence from studies of the human
population and mouse models that there is a sig⁃
nificant genetic component predisposing to recur⁃
rent or chronic OM [15, 16, 17], yet little is known
about the underlying genetic pathways involved.
While several inbred strains are predisposed to
the development of OM, their genetic analysis
and utility is compounded by the complex genetic
bases and the low penetrance of the pheno⁃
type16. In addition, there are several mouse mu⁃
tants that demonstrate an OM phenotype, but
the OM develops as part of a complex syndrome
with a wide spectrum of phenotypes. It will be im⁃
portant to identify and characterize the genes un⁃
derlying highly penetrant mouse mutants that de⁃
velop OM in the absence of other diverse patholo⁃
gy and represent appropriate models for OM in
the human population. Large-scale pheno⁃
type-driven mouse ENU mutagenesis programs
··82
Journal of Otology 2010 Vol. 5 No. 2
provide a rich source of novel mutant phenotypes
that are the basis for systematic efforts to
identify the genetic basis for diverse disease
states[18，19，20]. One such screen at MRC Harwell,
recovered a large number of mutant phenotypes
representing ENU-induced mutations at a num⁃
ber of novel loci in the mammalian genome [18 ].
Mouse models have and continue to play an im⁃
portant role in studying the genetic causes of
hearing impairment [21]. We used the Nmf 391nmf/nmf
mutant mice to study inner ear hair cells impair⁃
ment. The results indicate that genetic mutation
can cause OME with accompanying inner ear his⁃
topathology changes(Fig 6, 7, 8, 9, 10, 11 and 12)
and high frequency hearing loss(Fig 5 and 13). A
number of mutations have been cloned and have
provided us with several profound insights into
the critical proteins involved in the development
and functioning of the auditory apparatus at the
level of both the middle and inner ears [21, 22]. Never⁃
theless, it is clear that we do not possess mouse
mutants of all loci and pathways potentially in⁃
volved in hearing impairment. In this study, we
measured ABR thresholds and studied inner ear
hair cells damage caused by OME. The data
show that OME can cause cochlear outer hair
cells loss and sensorineural deafness(Fig 5, 12
and 13). We are hypothesizing that mast cells
play a role in inner ear inflammation secondary to
OM(Fig 14) and are responsible for hearing loss.
Here we show for the first time that OM triggers
mast cell degranulation with the release of hista⁃
mine and other inflammatory mediators to dam⁃
age inner ear.
Mast cells have long been known for their sig⁃
nificance as effector cells in allergic reactions[23].
However, emerging studies have recently shed
light on mast cells’importance in fighting infec⁃
tion in a variety of animal models by triggering
the innate immune response. New studies have
now shown that bacteria or allergen exposure
can activate mast cells by differing cell receptor
pathways. It is well known that immunoglobulin E
(IgE) can bind to it’s cognate receptor (FcεRI) on
mast cells that triggers mast cell degranulation
with the release of histamine and other inflamma⁃
tory mediators. Ebmeyer et al [24] evaluated the re⁃
sponse of mice with mutation in genes encoding
the mast stem cell factor Kit1. These mice com⁃
pletely lack mast cells, which are by far the most
common leukocytes in the normal ME mucosa.
They found that mast cell deficient mice exhibit⁃
ed a significantly reduced ME response to bacteri⁃
al infection, when compared to wild type con⁃
trols. Their study suggests that mast cells are an
important component of the innate immune re⁃
sponse in the ME cavity during the intial stages
of OM.
The synergistic action of ligand binding to both
TLR and IgE binding to its cognate receptor
FcεRI in activating mast cells has been under in⁃
tense scrutiny. Although initially stimulated by the
presence of a pathogen that stimulates either di⁃
rectly or indirectly two different receptors, the
down stream results of this activation are now be⁃
ing assessed. No consensus can be drawn of the
bioactive end products that are exocytosed after
stimulation of these pathways. It seems that TLR
stimulation promotes proinflammatory cytokine
(TNF- alpha, and IL-6) release without degranula⁃
tion while IgE binding to its cognate receptor gen⁃
erally promotes degranulation and excursion of in⁃
flammatory mediators like histamines and leukotri⁃
ene［25］. However, conflicting reports have shown
that TLR activation can promote mast cell degran⁃
ulation while others have not confirmed these re⁃
sults. Co-stimulation of both pathways can syner⁃
gistically promote enhanced TNF- and IL-6 re⁃
lease in some experimental conditions［26］. A new
study has identified TLR expressing cells as the
source of pro-inflammatory cytokines in the mid⁃
dle ear after infection that eventually promotes in⁃
flammation with possible effusion leading to po⁃
tential conductive hearing loss.
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Figure 7 A. Normal mucosal cells in a C57BL/6J mouse. B. Middle ear mucosa in an Nmf 391nmf/nmf mouse at 2
months, showing severely thickened mucosa and sub-epithelial vessels; C. Middle ear mucosa at 4 months show⁃
ing edema of ciliated epithelial cells; D. Middle ear ciliated epithelial cells at 8 months showing otitis media with ef⁃
fusion containing neutrophil-rich leukocytes behind pars flaccida (PF). Fluid fills the space behind pars tensa.
Figure 8 Otitis media with effusion in Nmf 391nmf/nmf mice at 2 (A), 4 (B), 8 (C) and 1 month showing neutrophils
and eosinophils.
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Figure 9 A. Normal eustachian tube ciliated mucosa epithelia cells and well pneumotized middle ear in a C57BL/6J
mice(x10); B. Eustachian tube in an Nmf 391nmf/nmf mouse at 2 months showing swelling and obstruction due to muco⁃
sa edema, and fluid accumulation in the middle ear(x10); C. Image from an Nmf 391nmf/nmf mouse at 4 months (x20);
D. Image from an Nmf 391nmf/nmf mouse at 8 months (x20).
Figure 10 Mucoperiosteum inflammatory leukocytes in otitis media with effusion
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Figure 11 Light microscopic images of cochlear surface preparation in normal and Nmf 391nmf/nmf mice with 1.0% sil⁃
ver nitrate solution staining. A. Images from a control C57BL/6J mouse (x20); B. OHC loss in a 2 months old Nmf
391nmf/nmf mouse at the basal turn(x20); C. Normal OHCs in a 2 months old Nmf 391nmf/nmf mouse in the middle
turn(x20); D. Apical turn partial OHC loss in an Nmf 391nmf/nmf mouse at 2 months (x10). OHC-outer hair cells, IHC-in⁃
ner hair cells.
Figure 12 A. Normal cochlear hair cells in every turn in a C57BL/6J mouse. B, C and D. Cochlear hair cells loss in
basal turn with normal hair cells in middle turn in Nmf 391nmf/nmf mice at 2, 4 and 8 months, respectively.
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A new in vitro study determined that TLR ex⁃
pression resided in spiral ligament fiberocytes
(SLP) which are cochlear supporting cells [27]. The
authors previously reported that these cells were
a source of pro-inflammatory cytokines after in⁃
fection thus inducing an inflammatory response.
They demonstrated that pro-inflammatory cyto⁃
kine induction and release from SLP cells mediat⁃
ed also the release of monocyte chemotatic pro⁃
tein(MCP-1) by TLR2 receptor binding to NTHi.
Thus MCP-1 induces monocyte infiltration into
the middle ear that ensures the recruitment of im⁃
mune cells also secretes bioactive proteins and
potentiates the inflammatory response. These au⁃
thors concluded that activation of MCP-1 was a
possible indicator of NFκB nuclear translocation
(Moon SK et al, 2007).
In our study, COM incidence reached 100% in
Nmf 391nmf/nmf mice, with associated hair cells loss
in basal region of the cochlea and elevated ABR
thresholds over higher frequencies. In addition,
we found obstruction of the Eustachian tube in
these mice, but no inflammatory cells in the inner
ear. The incidence of inner ear pathology is 35%
in the C3H/Hel mouse with TLR4 defect and spon⁃
taneous COM, including inflammatory cells and fi⁃
brin deposition in the scala vestibule and scala
tympani. Extensive inflammatory process in the
middle ear often extends into the inner ear by
crossing the round window membrane [12]. Recent⁃
ly, a deaf mouse mutant strain with 100% pene⁃
trance of spontaneous COM after weaning has
been reported, i.e. the Jeff(JF) mouse. This mu⁃
tant strain is smaller then normal mice by 21% ,
has craniofacial abnormalities, and has smaller,
narrower Eustachian tube. The craniofacial abnor⁃
malities are thought to account for the spontane⁃
ous COM6. Eriksson et al［28］ studied the role of
the plasminogen(plg) plasmin system in the devel⁃
opment of spontaneous COM by examining the
plg-deficient mice. Whereas essentially of the
wild-type control mice kept a healthy status of
the middle ear, all the plg-deficient mice gradual⁃
ly developed COM with various degrees of inflam⁃
matory changes during an 18-week observation
period. Five bacterial strains were identified in ma⁃
terials obtained from the middle ear cavities of six
plg-deficient mice. These findings provided evi⁃
dence that sensorineural hearing loss in the set⁃
ting of recurrent acute OM or COM may involve
gene products expressed directly by cochlear
cells [29].
Conclusion
Although we did not find bacterial strains in the
middle ear cavity of the Nmf 391nmf/nmf mice, the
middle ear inflammatory change was significant
when compared to wild-type mice controls. In⁃
Figure 13 Average outer hair cell loss in successive
10% segments of the cochlea of an Nmf 391nmf/nmf
mouse with otitis media with effusion, showing loss
mainly in the apical and basal turns.
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Figure 14 Inflammatory mast cells often are seen in the inner ear perilymphatic spaces. A Mast cells are seen in
the cochlear cannlx20 ; B Mast cells are seen in the stria vascularis x40; C Mast cells are seen in the basal turn peri⁃
lymphatic spacesx40; D Mast cells are seen in the otitis media mucosalx40.
flammatory mast cells often are seen in the inner
ear basal turn perilymphatic spaces, as well as in
the cochlear canal, the stria vascularis and the oti⁃
tis media mucosa. Moreover, mast cell degranula⁃
tion occurred in the middle ear mucosa and inner
ear in these mice. Mast cells degranulation may
promote pro-inflammatory cytokine release
while its cognate receptors generally promote de⁃
granulation and excursion of inflammatory media⁃
tors like histamines to damage hair cells, which
leads to sensorineural hearing loss.
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